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PREFACE 
Reg iona l  p o l i c y  problems a r e  u n i v e r s a l .  T h i s  means t h a t  
a l l  c o u n t r i e s  need  good methods f o r  a n a l y z i n g  and  s o l v i n g  t h e i r  
r e g i o n a l  p rob lems .  Models f o r  r e g i o n a l  p o l i c y  making and  p l a n -  
n i n g  have  a l s o  been  worked o u t  i n  s c i e n t i f i c  i n s t i t u t i o n s .  I t  
i s  o b v i o u s  t h a t  t h e s e  a b s t r a c t  models  a r e  o f t e n  n o t  s p e c i f i c  
enough t o  b e  used  i n  p o l i c y  making b u t  have  t o  be  a d a p t e d  t o  t h e  
i n s t i t u t i o n a l ,  h i s t o r i c a l  and  n a t u r a l  c o n d i t i o n s  o f  t h e  s p e c i f i c  
r e g i o n  t o  b e  p l a n n e d .  I t  i s  a l s o  n e c e s s a r y  t o  i n t e g r a t e  t h e  
models  w i t h i n  a  comprehens ive  s y s t e m  a n a l y t i c a l  framework. I t  
i s  o n e  o f  t h e  a m b i t i o n s  w i t h  t h e  S i l i s t r a  r e g i o n a l  c a s e  s t u d y  
r e p o r t e d  i n  t h i s  p a p e r ,  t o  t e s t  t h e  p o s s i b i l i t y  o f  a p p l y i n g  
r e g i o n a l  p o l i c y  mode l s ,  d e v e l o p e d  i n  B u l g a r i a ,  a t  IIASA and  else- 
where ,  t o  t h e  s o l u t i o n  o f  t h e  S i l i s t r a  deve lopmen t  p rob lems  and  
t o  r e g i o n a l  p l a n n i n g  i s s u e s  i n  o t h e r  B u l g a r i a n  r e g i o n s .  T h i s  
p a p e r  d e s c r i b e s  b r i e f l y  t h e  work u n d e r t a k e n  by s c h o l a r s  w i t h i n  
t h e  R e g i o n a l  Development Task and e l s e w h e r e  a t  IIASA on  t h i s  
t o p i c .  
N u r a t  Albegov 
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INTRODUCTION 
In the middle of 1977, a formal agreement between IIASA and 
Bulgaria was signed which foresaw joint work on the Silistra case 
study. This work was begun in the 'beginning of 1978 when the 
group of collaborating institutions in Bulgaria began active 
participation in the work, and the liaison between the two 
groups became regular. Since then, periodic meetings, seminars 
and workshops have been held: 
1. Task Force Meeting I, held at IIASA (May 1978). 
2. Seminar "Interdisciplinary Discussion on the 
Coordination of work on the Silistra Region 
Development," held in Sofia (March 1979). 
3. Task Force Meeting 11, held at IIASA (May 1979). 
4. Workshop "Models of Regional Development Planning," 
held in Burgas (October 1979) . 
The results of the first meeting have been published in the 
IIASA series (CP-79-7) . 
The aim of the present paper is to briefly evaluate the 
work done to date and formulate the aims of future work. 
PROBLEMS ADDRESSED IN THE SILISTRA STUDY 
The most important problem to be solved in the Silistra case 
study is to develop a consistent approach to regional development 
planning and policymaking in Bulgaria. 
The more s p e c i f i c  aims and g o a l s  o f  t h e  p r o j e c t  a r e  t h e  
f o l l o w i n g .  
A s t r a t e g i c  p o l i c y  f o r  r e g i o n a l  development  s h o u l d  be 
c r e a t e d  t o g e t h e r  w i t h  t h e  n e c e s s a r y  sys t em o f  models  f o r  t h i s  
pu rpose .  These models s h o u l d  shed  l i g h t  on t h e  impor t ance  o f  
t h e  i n t e r d e p e n d e n c i e s  between r e g i o n a l  subsys t ems  and g i v e  a n  
i n d i c a t i o n  o f  how d i f f e r e n t  r e g i o n a l  subsys t em models can  be 
c o o r d i n a t e d .  
An i m p o r t a n t  problem t o  be s o l v e d  i n  t h e  g e n e r a l  a n a l y s i s  
i s  t o  g e n e r a t e  c o n s i s t e n t  s c e n a r i o s  f o r  p o p u l a t i o n  development  
i n  d i f f e r e n t  r e g i o n s .  The t o t a l  number o f  r e g i o n s  o f  which 
S i l i s t r a  i s  one  i s  2 8 .  T h i s  a n a l y s i s  s h o u l d  i n c l u d e  a  s t u d y  o f  
m i g r a t i b n  s c e n a r i o s  and t h e i r  r e l a t i o n  t o  economic p o l i c i e s  i n  
t h e  d i f f e r e n t  r e g i o n s .  
An i m p o r t a n t  problem i n  t h e  r e g i o n a l  c o n t e x t  i s  s e c t o r a l  
s p e c i a l i z a t i o n  o f  t h e  r e g i o n a l  economies.  T h i s  i n v o l v e s  p o l i c i e s  
f o r  t h e  s e l e c t i o n  o f  a g r i c u l t u r a l ,  i n d u s t r i a l  and s e r v i c e  s e c t o r s  
i n  t h e  c o u n t r y  and i t s  d i f f e r e n t  r e g i o n s .  T h i s  a n a l y s i s  shou ld  
t a k e  i n t o  a c c o u n t  a n  e f f i c i e n t  u s e  o f  r e s o u r c e s  such  a s  l a b o r ,  
i n v e s t m e n t s  and n a t u r a l  r e s o u r c e s  l i k e  w a t e r  and l a n d .  
For  t h e  S i l i s t r a  r e g i o n  a s  s u c h ,  t h e  most  i m p o r t a n t  problem 
i s  t o  d e v i s e  e f f i c i e n t  l a n d  u s e  and l o c a t i o n a l  p o l i c i e s  and i t s  
consequences  f o r  t h e  deve iopment  o f  s e t t l e m e n t  and s e r v i c e  
sys t ems .  T h i s  s t u d y  s h o u l d  i n c l u d e  a n  a n a l y s i s  o f  t h e  p r i n c i p l e s  
o f  a d m i n i s t r a t i o n  and  s e t t l e m e n t s .  
S i l i s t r a  i s  a  r e g i o n  o f  c j rea t  impor t ance  f o r  a g r i c u l t u r a l  
p r o d u c t i o n  and i s  e x p e c t e d  t o  be a  c e n t e r  o f  a g r i c u l t u r e  a l s o  
i n  t h e  f u t u r e .  T h i s  means t h a t  methods f o r  s t r a t e g i c  a g r i c u l -  
t u r a l  p o l i c i e s  must  be  deve loped  and a d a p t e d  t o  t h e  r e g i o n .  
The c u r r e n t  p o l i c y  problems i n c l u d e  e f f i c i e n t  l a n d  u s e ,  c r o p  
and  l i v e s t o c k  s t r u c t u r e s  and t h e  u s e  o f  w a t e r  and e n e r g y .  
The i n d u s t r y  o f  S i l i s t r a  i s  c u r r e n t l y  n o t  l a r g e  b u t  a  
g e n e r a l  e x p a n s i o n  o f  m a n u f a c t u r i n g  i n d u s t r y  c a n  be  f o r e s e e n  
f o r  B u l g a r i a  and s h o u l d  a l s o  be  r e f l e c t e d  i n  i n d u s t r i a l  p o l i c i e s  
f o r  t h e  S i l i s t r a  r e g i o n .  
The development  o f  a g r i c u l t u r e  and m a n u f a c t u r i n g  i n d u s t r y  
i n  d i f f e r e n t  p a r t s  o f  t h e  r e g i o n  a r e  h i g h l y  dependen t  upon 
r e g i o n a l  w a t e r  r e s o u r c e  deve lopment .  To t h i s  e n d ,  it h a s  been  
r e q u e s t e d  t h a t  w a t e r  r e s o u r c e  deve lopment  p o l i c i e s  s h o u l d  be  a n  
i m p o r t a n t  p a r t  o f  t h e  s t u d y .  
The d e s i g n  o f  new s e t t l e m e n t  s y s t e m s ,  changes  i n  l o c a t i o n  
p a t t e r n s  w i l l  i n e v i t a b l y  l e a d  t o  r e q u i r e m e n t s  f o r  new t r a n s p o r -  
t a t i o n  and communication c a p a c i t y  i n  t h e  r e g i o n .  T h i s  i n v o l v e s  
t h e  a n a l y s i s  o f  t h e  r e l a t i o n  t o  o t h e r  r e g i o n s  i n  B u l g a r i a  a s  
w e l l  a s  d e s i g n s  o f  new t r a n s p o r t a t i o n  s t r a t e g i e s  f o r  t h e  r e g i o n  
a s  s u c h .  I n c l u d e d  i n  t h i s  a r e  b e t t e r  f o r e c a s t s  o f  t r a n s p o r t a t i o n  
demands a s  w e l l  a s  deve lopment  o f  e f f i c i e n t  t r a n s p o r t a t i o n  i n -  
v e s t m e n t  p o l i c i e s .  
F i n a l l y ,  t h e  S i l i s t r a  r e g i o n  h a s  up t o  now been  a b l e  t o  
a v o i d  many o f  t h e  e n v i r o n m e n t a l  p roblems o f  o t h e r ,  d e n s e l y  po- 
p u l a t e d  r e g i o n s  o f  t h e  c o u n t r y .  I n d u s t r i a l i z a t i o n  and  change o f  
a g r i c u l t u r a l  p o l i c i e s  a s  w e l l  a s  w a t e r  r e s o u r c e  development  c a n  
e a s i l y  l e a d  t o  e n v i r o n m e n t a l  d e t e r i o r a t i o n .  I t  i s  r e q u e s t e d  
t h a t  t h e  development  o f  methods o f  s t r a t e g i c  economic p o l i c y  f o r  
t h e  r e g i o n s  s h o u l d  t a k e  e n v i r o n m e n t a l  p r o t e c t i o n  i n t o  p r o p e r  
a c c o u n t .  I n  c o n n e c t i o n  w i t h  t h i s  e n v i r o n m e n t a l  s t u d y  i t  i s  a l s o  
n e c e s s a r y  t o  a n a l y z e  t h e  r e l a t i o n  between g e n e r a l  development  o f  
t h e  economic c a p a c i t y  o f  t h e  r e g i o n ,  e n v i r o n m e n t a l  s t a n d a r d s ,  
p a t t e r n s  o f  d i s e a s e s  and  e f f i c i e n t  h e a l t h  care p o l i c i e s .  
The g e n e r a l  a ims  o f  t h e  S i l i s t r a  r e g i o n  development  c a n  b e  
g i v e n  a  p r e c i s e  f o r m u l a t i o n  ( i n  a c c o r d a n c e  w i t h  t h e  v i e w p o i n t  
of  l o c a l  d e c i s i o n m a k e r s )  i n  t h e  f o l l o w i n g  way: 
a )  t o  maximize t h e  r a t e  o f  r e g i o n a l  growth  ( i n  g e n e r a l  
t e r m s )  t a k i n g  i n t o  a c c o u n t  a g r i c u l t u r a l ,  a s  w e l l  a s  
i n d u s t r i a l  and s e r v i c e  s e c t o r s ;  
b )  t o  keep  r e g i o n a l  a g r i c u l t u r e  on a  l e v e l  no less t h a n  
t h e  e x i s t i n g  one  i n  terms o f  n a t i o n a l  p r o d u c t i o n ;  
c )  t o  r e a c h  t n e  n a t i o n a l  s t r u c t u r e  o f  i n d u s t r i a l  d e v e l -  
opment;  
d )  t o  d e c r e a s e  o u t m i g r a t i o n  f rom t h e  r e g i o n  a s  w e l l  a s  
i n t r a r e g i o n a l  r u r a l - u r b a n  m i g r a t i o n ;  and 
e )  t o  maximize t h e  growth o f  t h e  a v e r a g e  wage r a t e  f o r  
t h e  r e g i o n  a s  a  whole .  
Taking  i n t o  a c c o u n t  t h e  n e c e s s i t y  t o  a d d r e s s  a l l  t h e s e  g o a l s ,  
a n  e l a b o r a t i o n  o f  d i f f e r e n t  a p p r o a c h e s  began  i n  1 9 7 8 .  
THE CHOICE OF SYSTEMS ANALYSIS APPROACH 
Reg iona l  s y s t e m s  a n a l y s i s  i s  a n  a p p l i c a t i o n  o f  sys t ems  a n a l y -  
sis  t o  p o l i c y  making i n  a  dynamic and s p a t i a l  p e r s p e c t i v e .  Space  
c a n  be  h a n d l e d  i n  e s s e n t i a l l y  two ways.  W e  c a n  e i t h e r  a n a l y z e  t h e  
problem i n  c o n t i n u o u s  s p a c e  a s  p roposed  by  arti in Beckmann, Tonu 
Puu, W a l t e r  I s a r d  and  Edwin M i l l s ,  i n t e r  a l i a .  The o t h e r  p r i n c i p l e  
i s  t o  s u b d i v i d e  t h e  t o t a l  s p a c e  ( f o r  i n s t a n c e  t h e  n a t i o n )  i n t o  a  
d i s c r e t e  se t  o f  r e g i o n s .  W e  have  i n  o u r  deve lopment  o f  a  sys t ems  
a n a l y s i s  approach  t o  r e g i o n a l  deve lopment  g e n e r a l l y  chosen  t h e  
d i s c r e t e ,  r e g i o n a l  approach  t o  s p a t i a l  a n a l y s i s .  I n  most c a s e s  
w e  have  a l s o  chosen  t o  h a n d l e  t i m e  a s  a  d i s c r e t e  se t  of  t i m e  
p e r i o d s .  
The po l i cymak ing  problems a r e  m o s t l y  i n  r e g i o n a l  deve lopment  
a n a l y s i s  o f  a  l ong- t e rm n a t u r e .  T h i s  means t h a t  u n c e r t a i n t i e s  a r e  
a  r u l e  r a t h e r  t h a n  a n  e x c e p t i o n .  F u r t h e r m o r e ,  w e  c a n n o t  e x p e c t  
t h e s e  u n c e r t a i n t i e s  t o  b e  w e l l - s t r u c t u r e d  i n  t h e  s e n s e  t h a t  one  
can  a p p l y  s t o c h a s t i c  t h e o r y  t o  t h e  h a n d l i n g  o f  them. I t  i s  r a t h e r  
t h e  c a s e  t h a t  t h e  u n c e r t a i n t i e s  a r e  o f  a  more fundamen ta l  and ill- 
s t r u c t u r e d  n a t u r e .  Fo r  a  r e g i o n ,  t h e  deve lopment  o f  c e r t a i n  c r u -  
c i a l  n a t i o n a l  o r  i n t e r n a t i o n a l  p a r a m e t e r s  ( l i k e  t h e  p r i c e  o f  o i l )  
i s  i m p o s s i b l e  t o  f o r e c a s t  i n  a  more o r  less r e l i a b l e  way. W e  have  
found development  s c e n a r i o s  f o r  such  e x t e r n a l  i m p o r t a n t  p a r a m e t e r s  
t o  b e  a  much more p r o m i s i n g  a p p r o a c h .  
Principles of Regional Decomposition 
In a purely theoretical general equilibrium analysis of the 
kind proposed by Debreu ( 1 9 5 9 ) *  each decision variable, for in- 
stance the quantity to be produced, is indicated by time, deci- 
--
sion maker, type of commodity and region. To prove the existence 
of a solution to such an interreqional equilibrium problem, even 
with an infinitely large number of consumers and prbducers; is 
not impossible in a static situation. However, this approach 
requires a large number of simplifying and not very realistic 
assumptions about convexity of preference and production sets. 
Such assumptions are normally not valid in the real world. 
The extension of this approach to realistic transportation- 
communication technologies and situations of growth and develop- 
ment has never been possible as an extension of the basic 
static theory. To cope with policymaking problems in such a 
dynamic, interdependent regional production and consumption system, 
decomposition and simplification is necessary. Simplification 
through decomposition and structuring of the regional development 
problems has been proposed by many analysts in the market- and 
plan-oriented economies. Some prominent names in this field are 
Walter Isard, Vasilii Leontief, Abel Aganbegyan and Alexander 
Granberg. Common to the approaches of these scientists is simpli- 
fication through linearization of technologies for production, 
transportation, and consumption of commodities. With lineariza- 
tion it is mostly possible to solve problems with hundreds of 
regions and a rather large number of production sectors and dif- 
ferent categories of households. 
!Two types of criticisms can be raised against the linearized 
approach proposed by Leontief and others. The first criticism 
concerns economies of scale in production and transportation 
of commodities. Economies of scale in production leads to non- 
linearities, which however, for sufficiently large regions are 
of limited importance. Leontief and similar world regional 
modelers can thus claim that linearization is of no real impor- 
tance for their regional policy problems. In a national regional 
problem formulation one must however take this criticism seriously. 
The regions which form a part of a nation are normally rather 
small and economies of scale cannot be disregarded in the model 
formulation. 
Furthermore, transportation and communication are phenomena 
which cannot, according to modern transportation-communication 
theory, be linearized but are non-linear on any scale of aggre- 
gation. It can, in fact, be argued that the higher the level of 
aggregation, the more non-linear it becomes. 
From this point of view our approach to regional systems 
analysis has not been limited to simplification or linearization 
but in the cases where the linearization was justified, it was 
widely used. 
'~ebreu, G., Theory of Value, Cowles Foundation Monograph 
17. New York: John Wiley and Sons Inc., 1 9 5 9 .  
W e  have r a t h e r  chosen  t o  s i m p l i f y  t h e  long- te rm r e g i o n a l  
po l icymaking  problems t h r o u g h  decompos i t ion  o f  t h e  t o t a l  problems 
i n t o  a  set  o f  i n t e r l i n k e d  models .  These submodels  a r e  l i n e a r ,  
n o n - l i n e a r ,  i n t e g e r  o r  r e a l - v a l u e d  i n  a c c o r d a n c e  w i t h  t h e  b e s t  
f o r m u l a t i o n  o f  t h e  problem and t h e  t e c h n o l o g i e s  and b e h a v i o r s  
r e f l e c t e d  by t h e  models .  
Decomposi t ion and  S t r u c t u r i n g  o f  t h e  Reg iona l  P o l i c y  System 
I n  decomposing a  r e g i o n a l  p o l i c y  problem,  t h e r e  a r e  b a s i c a l l y  
two p r i n c i p l e s .  
A.  A p r o c e d u r e  based  on  s u c c e s s i v e l y  c o n s t r a i n i n g  
p o l i c y  a c t i o n s  from an  i n t e r n a t i o n a l  t h r o u g h  
a  n a t i o n a l ,  down t o  t h e  r e g i o n a l  l e v e l .  (Top- 
down a p p r o a c h ) .  
B .  Another  approach  i s  t o  s t a r t  w i t h  t h e  p l a n n i n g  
o f  t h e  i n d i v i d u a l  r e g i o n ,  a g g r e g a t i n g  t h o s e  p l a n s  
up t o  a  n a t i o n a l  l e v e l ,  and t h e n  c o n f r o n t i n g  t h e  
r e g i o n a l  and  n a t i o n a l  a g g r e g a t e s  w i t h  t h e  wor ld  
m a r k e t s .  (Bottom-up a p p r o a c h ) .  
A t  t h e  same t i m e ,  a  t h i r d  approach  can  be  ment ioned  which 
i s  i n  f a c t  t h e  f u r t h e r  deve lopment  o f  A w i t h  r e s p e c t  t o  mutua l  
r e g i o n a l  i n t e r d e p e n d e n c e .  
I t  h a s  o f t e n  been  assumed t h a t  t h e s e  a p p r o a c h e s  a r e  r e l a t e d  
t o  d i f f e r e n t  i n s t i t u t i o n a l  f rameworks.  T h i s  i s  o n l y  p a r t i a l l y  
t r u e .  I t  i s  t r u e  t h a t  i n t e r n a t i o n a l  o r g a n i z a t i o n s  t e n d  t o  p r e f e r  
t h e  i n t e r d e p e n d e n c y  approach .  I t  i s  a l s o  t r u e  t h a t  p l a n n i n g  i n  
some f a i r l y  d e c e n t r a l i z e d  c o u n t r i e s  l i k e  t h e  S c a n d i n a v i a n ,  h a s  
been  more o r i e n t e d  t o  t h e  "bottom-up" approach .  I n  r e a l i t y ,  
t h e  s c a l e  o f  t h e  r e g i o n  i s  more i m p o r t a n t  f o r  t h e  c h o i c e  o f  
approach .  A r e l a t i v e l y  l a r g e  r e g i o n  c a n n o t  d i s r e g a r d  t h e  impac t  
o f  i t s  p o l i c i e s  on o t h e r  r e g l o n s  and even  on t h e  n a t i o n  a s  a  
whole.  I n  s u c h  a  c a s e ,  i t  i s  f a i r l y  n a t u r a l  t o  u s e  t h e  i n t e r -  
dependency approach  i n  which t h e  p o l i c i e s  o f  t h e  l a r g e  r e g i o n s  
a r e  c o n s i d e r e d  s i m u l t a n e o u s l y  i n  i t s  n a t u r a l  c o n t e x t .  I n  t h e  
c a s e  o f  s m a l l  r e g i o n s ,  one  can  s a f e l y  d i s r e g a r d  t h e  e f f e c t  o f  
e a c h  one  o f  t h e  s m a l l  r e g i o n s  on  o t h e r ,  l a r g e r  r e g i o n s  and t h e  
n a t i o n  a s  a  whole .  I n  t h e s e  c a s e s  c a u s a l i t y  t e n d s  t o  go i n  a  
one-way d i r e c t i o n .  I n t e r n a t i o n a l  and  n a t i o n a l  t e c h n o l o g i c a l  
and marke t  deve lopment  d e t e r m i n e  t h e  a c t i o n  p o s s i b i l i t i e s  f o r  
t h e  r e g i o n s ,  w h i l e  i t  c a n  be  s a f e l y  assumed t h a t  t h e  a c t i o n s  
t a k e n  i n  any s i n g l e  r e g i o n  w i l l  n o t  i n f l u e n c e  n a t i o n a l  and  
i n t e r n a t i o n a l  deve lopment  t o  any s i g n i f i c a n t  d e g r e e .  
S i n c e  t h e  S i l i s t r a  r e g i o n  i s  r e l a t i v e l y  s m a l l ,  t h e  f i r s t  
two a p p r o a c h e s  (" top-down" and "bot tom-up")  were used  t o  d a t e  
i n  t h e  IIASA s t u d y .  
METHOD A :  TEiE TOP-DOWN APPROACH TO REGIOiQAL SYSTEMS ANALYSIS 
S i l i s t r a  i s ,  i n  compar ison  w i t h  a u l g a r i a  a s  a  whole ,  v e r y  
s m a l l  b o t h  i n  terms o f  employment and p r o d u c t i o n .  T h i s  means 
t h a t  d e c i s i o n s  t a k e n  a t  a  n a t i o n a l  l e v e l  and i n t e r n a t i o n a l  l e v e l  
on development  o f  t e c h n o l o g y  and t r a d e  p a t t e r n s  w i l l  be  i m p o r t a n t  
c o n s t r a i n t s  f o r  t h e  d e c i s i o n  maker o f  t h e  S i l i s t r a  r e g i o n .  T h i s  
i m p l i e s  t h a t  it becomes e x t r e m e l y  i m p o r t a n t  t o  p r e d i c t  t h e  
development  a t  t h e  n a t i o n a l  l e v e l  and i t s  r e g i o n a l  consequences  
i n  o r d e r  t o  u s e  t h e s e  deve lopment  t e n d e n c i e s  as e x t e r n a l  con- 
s t r a i n t s .  
I t  must  b e  s t r e s s e d  t h a t  t h e  c o n s t r u c t i o n  o f  s u c h  n a t i o n a l  
and  i n t e r n a t i o n a l  s c e n a r i o s  do  n o t  n e c e s s a r i l y  have  t o  be  d e v e l -  
oped by c e n t r a l  r e s e a r c h  o r g a n i z a t i o n s .  I n  t h e o r y ,  and v e r y  
o f t e n  i n  p r a c t i c e ,  s u c h  s c e n a r i o s  c a n  be  deve loped  w i t h i n  t h e  
r e g i o n .  Economies o f  s c a l e  i n  g a t h e r i n g  and p r o c e s s i n g  o f  
i n f o r m a t i o n ,  however ,  p r o v i d e  s t r o n g  economic a rguments  f o r  
h a v i n g  t h e  n a t i o n a l  and i n t e r n a t i o n a l  development  s c e n a r i o s  
c e n t r a l l y  produced .  
T h i s  i s  a l s o  t h e  r e a s o n  why models  f o r  a n a l y s i s  o f  s e c t o r a l  
deve lopment  have  been  c o n s t r u c t e d  i n  c o o p e r a t i o n  w i t h  c e n t r a l  
r e s e a r c h  i n s t i t u t e s  i n  S o f i a .  
Dur ing  1979,  and e s p e c i a l l y  a t  t h e  Confe rence  a t  a u r g a s  
( a u l g a r i a )  i n  Oc tobe r  1979,  a n  e x t e n s i v e  c o o p e r a t i o n  on develop-  
ment o f  n a t i o n a l  s e c t o r a l  models  w a s  set  up.  I t  was t h e n  a g r e e d  
t h a t  t h e  m u l t i - s e c t o r a l  model deve loped  by Lars Bergman, t h e  
INFORUM model a s  deve loped  by Almon and Nyhus, and t h e  T U R N P I K E  
model ,  d e v e l o p e d  by Ake Andersson s h o u l d  b e  used  i n  an  i n t e r -  
a c t i v e  f a s h i o n  t o  g e n e r a t e  s e c t o r a l  growth s c e n a r i o s .  These 
t h r e e  models have  complementary f e a t u r e s .  The TURiQPIKE model 
i s  a model t h a t  s e a r c h e s  f o r  t h e  growth  maximizing i n v e s t m e n t s  
p o l i c y  f o r  an economy t h a t  i s  supposed  t o  grow w i t h  a n  e q u i l i -  
b r ium between s u p p l y  a n d  demand d u r i n g  t h e  whole growth  p r o c e s s .  
The model r e q u i r e s  i n p u t - o u t p u t  and i n v e s t m e n t  c o e f f i c i e n t s  t o  
b e  d e t e r m i n e d  o u t s i d e  t h e  model.  T h i s  i s  done i n  two s t a g e s .  
One s t a g e  by a p p l i c a t i o n  o f  t h e  method f o r  e s t i m a t i o n  o f  c a p i t a l  
o u t p u t  r a t i o s  deve loped  by David B a t t e n ,  Dino M a r t e l l a t o  and 
Ake Andersson.  Another  p r o c e d u r e  i s  t o  u s e  t h e  estimates o f  
e n e r g y  and  l a b o r  i n p u t  c o e f f i c i e n t s  a s  d e t e r m i n e d  by t h e  MSG 
model ,  d e v e l o p e d  by L a r s  Bergman. The r e s u l t  o f  t h i s  i n t e r a c t i v e  
p r o c e d u r e  i s  a development  o f  i n v e s t m e n t  and  consumpt ion  p a t t e r n s  
t h a t  can  be  used  t o  f e e d  t h e  INFORUM model t o  g e n e r a t e  a  y e a r l y  
t r a j e c t o r y  f o r  t h e  d i f f e r e n t  s e c t o r s .  The outcome o f  t h i s  
package o f  s e c t o r a l  models  i s  a s e t  o f  p r i c e ,  p r o d u c t i o n ,  i n v e s t -  
ments  and  employment s c e n a r i o s  f o r  t h e  d i f f e r e n t  s e c t o r s  o f  t h e  
B u l g a r i a n  economy. The f u s i n g  o f  t h e s e  d i f f e r e n t  s c e n a r i o s  i n t o  
a  l i m i t e d  number o f  common p l a n n i n g  s c e n a r i o s  f o r  t h e  s e c t o r a l  
deve lopment  i s  e v i d e n t l y  a  p o l i t i c a l  p roblem t h a t  must be  s o l v e d  
by B u l g a r i a n  p o l i c y  makers .  
A t  t h e  n e x t  s t a g e  o f  a n a l y s i s  t h e  i n t e r r e g i o n a l  l o c a t i o n  o f  
employment, i n v e s t m e n t s  and  p r o d u c t i o n  model (MIRROR model)  i s  
used .  T h i s  model u s e s  a s  i n i t i a l  i n f o r m a t i o n  t h e  n a t i o n a l  
s e c t o r a l  s c e n a r i o s  a s  w e l l  a s  l o c a l  i n f o r m a t i o n  a b o u t  t h e  r e g i o n a l  
p o p u l a t i o n  growth a n d  r e g i o n a l  employment p o l i c y .  The p r i n c i p l e  
o f  minimum i n f o r m a t i o n  g a i n  i s  used  and i n  t h i s  c a s e  means a  
minimum o f  r e o r g a n i z a t i o n .  
The a c c e p t e d  growth  s c e n a r i o s  i n  terms o f  s e c t o r a l  p r o d u c t i o n  
and i n v e s t m e n t s  c a n  be  used  a s  c o n s t r a i n t s  on t h e  a g g r e g a t e d  
r e g i o n a l  deve lopment  i n  t h e  28 B u l g a r i a n  r e g i o n s ,  o f  which  t h e  
S i l i s t r a  r e g i o n  i s  o n e .  The p o p u l a t i o n  deve lopment  a s  p r o j e c t e d  
by t h e  HSS model a d a p t e d  t o  B u l g a r i a  c a n  g i v e  l a b o r  s u p p l y  s c e n a -  
r i o s  f o r  t h e  28 r e g i o n s .  S e c t o r a l ,  n a t i o n a l  p r o d u c t i o n  and  
r e g i o n a l  employment s c e n a r i o s  a r e  t h e n  used  a s  c o n s t r a i n t s  o n  t h e  
i n t e r r e g i o n a l  l o c a t i o n  model.  The n a t u r a l  i n e r t i a  t o  r e l o c a t i o n  
o f  p r o d u c t i o n  i s  t h e n  b u i l t  i n t o  t h e  g o a l  f u n c t i o n  o f  t h e  model .  
The e s s e n t i a l  i d e a  i s  t o  s e a r c h  f o r  a  l o c a t i o n  o f  p r o d u c t i o n  t h a t  
c a n  f u l f i l l  t h e  s e c t o r a l  p r o d u c t i o n  g o a l s  and  t h e  r e g i o n a l  employ- 
ment g o a l s  t o g e t h e r  w i t h  s e c t o r a l  and r e g i o n a l  r e s o u r c e  con- 
s t r a i n t s  w h i l e  a t  t h e  same t i m e ,  min imiz ing  t h e  r e s t r u c t u r i n g  of  
t h e  B u l g a r i a n  economy. With t h i s  f o r m u l a t i o n  w e  hope t o  g e n e r a t e  
f a s t  economic growth  from f u l l  employment,  r e a l i s t i c  r e s o u r c e  
u s e  w i t h  t h e  minimum o f  i n s t i t u t i o n a l  f r i c t i o n s  i n  t h e  r e g i o n a l  
economies .  
The a l l o c a t i o n  of a c t i v i t i e s  w i t h  t h e  h e l p  o f  t h e  MIRROR 
model c r e a t e d  t h e  b a s i s  f o r  t h e  n e x t  s t e p :  t h e  a n a l y s i s  o f  
i n t r a r e g i o n a l  p r o b l e m s .  Fo r  t h i s  p u r p o s e  a  model f o r  i n t r a r e -  
g i o n a i  dynamic l o c a t i o n  o f  i n d i v i s i b l e  u n i t s  o f  p r o d u c t i o n  h a s  
been  deve loped  i n  c o o p e r a t i o n  w i t h  SDS. T h i s  model ( o f t e n  r e f e r -  
r e d  t o  as,f.IALTOS) a l l o c a t e s  i n d i v i s i b l e  a r e a s  o f  l a n d  t o  t h e  
d i f f e r e n t  p r o d u c t i o n  s e c t o r s  o v e r  a  d i s c r e t e  set o f  t i m e  p e r i o d s .  
T h i s  model i s  a  m u l t i - o b j e c t i v e  q u a d r a t i c  i n t e g e r  program- 
ming model w i t h  a  set  o f  d i f f e r e n t  e v a l u a t i o n  c r i t e r i a :  
o  i n v e s t m e n t ,  d e m o l i t i o n  and  o p e r a t i n g  c o s t s  ( l i n e a r ) ;  
o  a c c e s s i b i l i t y  o f  s e c t o r s  o f  p r o d u c t i o n  and  consump- 
t i o n  t o  o t h e r  a c t i v i t i e s  and p r e l o c a t e d  r e s o u r c e s  
( q u a d r a t i c )  : 
o  node c o n g e s t i o n  c o s t s  ( q u a d r a t i c ) ;  and 
o e n v i r o n m e n t a l  s y n e r g i s m  c o s t s  ( q u a d r a t i c ) .  
I n  t h i s  model which c a n  a l s o  be c l a s s i f i e d  a s  a  c o m b i n a t o r i a l  
s y n e r g i s t i c  d e s i g n  model ,  p a t t e r n s  o f  l a n d  u s e  w i l l  b e  g e n e r a t e d .  
Because  o f  t h e  non-convex i ty  o f  t h i s  p rob lem,  t h e  need  f o r  a  
l a r g e  number o f  s c e n a r i o s  mus t  be  s t r e s s e d  more t h a n  i n  c o n n e c t i o n  
w i t h  any  o t h e r  model o f  t h i s  package .  A s  a  r u l e ,  w e  c a n  e x p e c t  
t o  have  many loca l  o p t i m a ,  where  e a c h  o n e  o f  t h e  local  o p t i m a  
h a v e  f a i r l y  s i m i l a r  v a l u e s  o f  t h e  g o a l  f u n c t i o n .  
The r e s u l t s  o f  MALToS c a n  b e  u s e d  t o  g e n e r a t e  c o n s t r a i n t s  
f o r  l a n d  u s e  i n  t h e  more d e t a i l e d  a n a l y s i s  o f  s e r v i c e  l o c a t i o n ,  
a g r i c u l t u r e  l o c a t i o n ,  d e t a i l e d  i n d u s t r y  l o c a t i o n ,  t r a n s p o r t a t i o n  
b e h a v i o r ,  e t c  . 
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The models  d e v e l o p e d  d u r i n g  1978 and  1979 which  are b e i n g  
t r a n s f e r e d  t o  B u l g a r i a  are d i s c u s s e d  i n  t h e  f o l l o w i n g  p u b l i c a -  
t i o n s :  WP-79-04, WP-79-9, WP-79-97, WP-79-111 (which r e f e r  t o  
t h e  MSG, INFORUM, TURNPIKE, M I R R O R  and  MALTOS m o d e l s ) .  The work 
on t h e i r  i m p l e m e n t a t i o n  i n  B u l g a r i a  h a s  begun,  b u t  it w i l l  be  
some t i m e  b e f o r e  r e s u l t s  w i l l  be  s e e n .  The models  on  a  n a t i o n a l  
l e v e l  w i l l  serve as s c e n a r i o - p r o d u c i n g  f o r  t h e  S i l i s t r a  case, 
as w e l l  as f o r  o t h e r  i m p l e m e n t a t i o n s  a s  w e l l .  MIRROR and  MALTOS 
a r e  p l a n n e d  t o  b e  u s e d  i n  t h e  framework o f  t h e  S i l i s t r a  Complex 
P r o j e c t .  
Sectoral 
+ 
The main g o a l  f o r  t h e  f u t u r e  i s  t o  g a t h e r  i n i t i a l  in forma-  
t i o n  (by  t h e  B u l g a r i a n s )  i n  o r d e r  t h a t  t h e  IIASA models  s h o u l d  
b e  made o p e r a t i o n a l  i n  B u l g a r i a  ( i n  t h i s  case IIASA s c h o l a r s  
w i l l  b e  c o n s u l t i n g  i n  B u l g a r i a )  and  a n a l y z e  t h e  o b t a i n e d  r e s u l t s  
j o i n t l y .  Work w i t h  r e a l i s t i c  d a t a  w i l l  b e g i n  i n  t h e  midd le  of  
1980 and  w i l l  go on f o r  o n e  y e a r .  The r e s u l t s  o f  t h i s  work w i l l  
b e  i n c o r p o r a t e d  i n t o  t h e  CornpLex Project. 
METHOD B:  THE BOTTOM-UP APPROACH TO REGIONAL SYSTEM ANALYSIS 
T h i s  approach  i s  based  on t h e  d e t a i l e d  d e s c r i p t i o n  o f  
t h e  r e g i o n a l  s e c t o r s  o f  t h e  economy where i n t r a r r e g i o n a l  problems 
a r e  c a r e f u l l y  examined and t h e  c o o r d i n a t i o n  o f  t h e  s e c t o r s  w i l l  
b e  done  w i t h  r e s p e c t  t o  two o v e r a l l  r e s o u r c e s :  c a p i t a l  and l a b o r  
f o r c e  . 
The g e n e r a l  scheme o f  t h e  sys t em is  shown i n  F i g u r e  2 .  I t  
i n c l u d e s  t h e  f o l l o w i n g  models :  
1 .  G e n e r a l i z e d  r e g i o n a l  a g r i c u l t u r a l  model (GRI IM) .  
2 .  G e n e r a l i z e d  i n d u s t r i a l  growth and  l o c a t i o n  model.  
3 .  Regiona l  t r a n s p o r t a t i o n  s y s t e m  model .  
4 .  Regiona l  w a t e r  s u p p l y  model.  
5 .  Regiona l  p o p u l a t i o n  and m i g r a t i o n  model.  
F i g u r e  2 .  METHOD B: Bottom-Up Approach t o  Systems A n a l y s i s  - 
F i r s t  V e r s i o n .  
The principal purpose of the GRAM model is to achieve 
results that can be used for the formation of policy regarding 
future regional agricultural specialization. GRAM is strictly 
limited to solving agricultural problems but must also be able 
to include all significant feedbacks and results from other 
subsystems, such as water, industry and labor. 
Although GRAM is a detailed model, it is essentially 
intended as a general model and as such must describe a variety 
of agricultural and technological conditions; for example, all 
aspects of land use, all possibilities for land improvement, 
and alternative animal-feed compositions. 
The main characteristics of regional agricultural develop- 
ment that are included in the model are: 
regional agricultural specialization; 
crop and livestock production in disaggregated 
form; 
regional agricultural specialization; 
crop and livestock production in disaggre- 
gated form; 
land-use problems, with reference to 
irrigation, drainage, the use of pastures, 
and so on; 
alternative animal-feed compositions 
(protein, rough and green forage, etc.) 
for balanced animal-feed rations; 
crop-rotation conditions; 
possibilities for second crop productions; 
and 
availability of regional supplies of labor, 
capital investments, fertilizers, water, etc. 
Next to the detailed description of "technological"issues 
the possibility of multi-objective analysis is foreseen. The 
implementation of the model is relatively simple because of 
a special generator elaborated by William Orchard-Bays. 
The Regional Industrial Model 
This model which is broad enough to cover many cases, was 
elaborated by a group of scholars in the Central Economic Mathe- 
matical Institute, Moscow.* The model has the following features 
of specialization: 
1. It can be used for a one-product system and 
also for a multi-product system. For the 
latter, several products have to be aggregated 
and all inputs and outputs should be calculated 
with respect to the unit of aggregate product. 
2. For each location the appropriate capacity and 
the technology for the production unit can be 
chosen. 
3. Transportable and non-transportable products 
can be included in models. The latter may 
refer to, for example, intermediate products 
that are used at the point of production. 
* 
Mednidski, V. (1978) Special Methods of Optimization 
Problem Solution. Nauka, Moscow (in Russian). 
4. Local demand, and also demand of other regions 
can be included in the model (this extra- 
regional demand may be concentrated at points 
near the boundaries of the region under analysis 
5. Elements of substitution in the process of pro- 
dunction and consumption can be introduced. 
What is most important is that the system has been 
created (which would otherwise require many person-years). 
The linkage between IIASA (Laxenburg) and Moscow by a special 
computer line makes this package of programs accessible. 
Regional Transportation System Model 
The transportation system model designed by B. Mihailov 
was built for all 6 possible transport modes, all 139 projected 
nodes of the region and 17 types of loads according to the 
current aggregation of the loads. For that purpose, a transpor- 
tation network including the existing and possible transportation 
modes has been designed. 
The model was solved in two versions: a linear and a more 
complicated non-linear version, each of them on two levels: for 
each mode of transport and for the regional transportation system 
as a whole (see Figure 3) . 
At the level of each transportation mode in the region, a 
local optimization of development using an objective function of 
minimum total annual costs was performed in a way that for each 
possible set of traffic volumes, the optimal alternative to be 
included when optimizing development of the whole regional trans- 
portation system is identified. The chosen technological alterna- 
tive belongs to a concrete traffic volume which is subject to 
distribution between the different transport modes at a regional 
level. Thus, the global optimization at a regional level was done 
on the basis of the preliminary optimization of individual trans- 
portation modes. Thus optimal development in a global sense is 
based on local efficiency. In this way, the minimum total costs 
for development of the regional transportation system were reached. 
Regional Water Supply Model 
The work on the Silistra water supply modeling was carried 
out by V. Chernyatin (IIASA) in close cooperation with the Sofia 
Institute for Water Projects (SIWP). That is one reason why the 
main purpose of the mathematical modeling was achieved, i.e. 
to determine an optimal and practical design of a water supply 
system. 
The Silistra water supply model was basically developed at 
IIASA in 1979. By definition it is a linear programming model. 
The output of the model is: 
1 .  B a s i c  p a r a m e t e r s  o f  a  w a t e r  s u p p l y  sys t em;  
c a p a c i t i e s  o f  r e s e r v o i r s  and pumping s t a t i o n s ,  
and  d i s c h a r g e  c a p a c i t i e s  o f  c a n a l s .  
2 .  With in -yea r  o p e r a t i o n a l  r u l e s  f o r  a l l  t h e  
w a t e r  s u p p l y  f a c i l i t i e s .  
3. Marg ina l  c o s t s  ( s e a s o n a l  and  mean-annual)  o f  
w a t e r  f o r  a l l  c o n s i d e r e d  a r e a s .  
I n  1979 t h e  S i l i s t r a  w a t e r  s u p p l y  model was implemented on  
t h e  compu te r s  i n  P i s a  (IBM 365/170) and  S o f i a  ( I C L  1 9 0 4 ) .  Being 
i n i t i a l l y  i n t e n d e d  f o r  S i l i s t r a ,  t h i s  model was g e n e r a l i z e d  t o  
c o v e r  t h e  whole  set  o f  i r r i g a t i o n  s y s t e m s  o f  t h e  same t y p e  a s  
" S i l i s t r a " .  The main e l e m e n t s  o f  g e n e r a l i z a t i o n  h e r e  a r e :  
-- many w a t e r  i n p u t s  t o  t h e  w a t e r  s u p p l y  s y s t e m  
c a n  b e  h a n d l e d  a s  w e l l  a s  
-- a r b i t r a r y  c o n f i g u r a t i o n  o f  t h e  w a t e r  s u p p l y  
s y s t e m ;  
-- p o s s i b i l i t y  o f  s i m u l a t i o n  o f  s t r e a m  f l o w s  
w i t h  w i t h i n - y e a r  r e g u l a t i o n  o f  w a t e r ;  
-- p o s s i b i l i t y  o f  p h y s i c a l  c o n n e c t i o n  w i t h  o t h e r  
w a t e r  s u p p l y  s y s t e m s ;  
-- p o s s i b i l i t y  o f  s i m u l t a n e o u s  n u m e r i c a l  a n a l y s i s  
o f  a  number o f  w a t e r  s u p p l y  s y s t e m s .  
P o p u l a t i o n  and  M i g r a t i o n  Models 
The f o l l o w i n g  a p p r o a c h e s  h a v e  been  u s e d  h e r e :  t o  implement  
t h e  HSS methodology ( A .  Roger s ,  RR-79-18) on  p o p u l a t i o n  growth 
and  t o  combine t h i s  w i t h  t h e  r e s u l t s  o f  t h e  A .  Andersson  and  
P h i l i p o v  s t u d y  o f  t h e  S i l i s t r a  r e g i o n  m i g r a t i o n .  T h i s  app roach  
is  b a s e d  o n  t h e  r e q u i r e m e n t  t o  combine p r o j e c t i o n s  o f  f u t u r e  
r e g i o n a l  p o p u l a t i o n  g rowth  ( i n c l u d i n g  f i x e d  f e r t i l i t y  and  morta-  
l i t y  r a t e s )  w i t h  t h e  r e s u l t s  o f  m i g r a t i o n  p o l i c y  which  c a n  t o  
some e x t e n t  b e  c o n t r o l l e d .  
The methodology o f  r e g i o n a l  p o p u l a t i o n  p r o j e c t i o n  was s u c c e s s -  
f u l l y  implemented by D .  P h i l i p o v  and B .  M i h a i l o v .  A t  t h e  same 
t i m e ,  t h e  A n d e r s s o n / P h i l i p o v  s t u d y  h a s  shown t h a t  a  l o g i t - t y p e  
model c a n  be  u s e d  f o r  i n t e r r e g i o n a l  m i g r a t i o n  p r e d i c t i o n .  I n  
t h i s  model ,  t h e  f o l l o w i n g  f a c t o r s  o f  m i g r a t i o n  a r e  i m p o r t a n t :  
t h e  r e l a t i v e  s i z e  o f  l o c a l  p o p u l a t i o n ,  q u a l i t y  o f  l o c a l  s e r v i c e s ,  
mean wage, d w e l l i n g s  p e r  p e r s o n ,  d i s t a n c e  from t h e  c a p i t a l .  
A c o m b i n a t i o n  of  t h e s e  t w o  models  seems t o  be p r o m i s i n g  f o r  
l o c a l  l a b o r  f o r e c a s t s .  
R e s u l t s  O b t a i n e d  a n d  Expec ted  A c t i v i t i e s  
Four  models  o f  t h e  "bot tom-up" a p p r o a c h  h a v e  now been a p p l i e d  
t o  t h e  S i l i s t r a  c a s e  s t u d y :  The w a t e r  s u p p l y ,  GRAM, Transpor -  
t a t i o n  Sys tem,  and P o p u l a t i o n  and  M i g r a t i o n  models .  The w a t e r  
s u p p l y  model was n o t  o n l y  r u n  w i t h  r e a l  d a t a ,  b u t  i m p o r t a n t  p ro-  
p o s a l s  were made t o  t h e  Water P r o j e c t  I n s t i t u t e  i n  S o f i a  a b o u t  
changes  o f  t h e  p r o j e c t e d  w a t e r  s u p p l y  s y s t e m .  These  changes  l e d  
t o  s i g n i f i c a n t  economic s a v i n g s  f o r  t h e  B u l g a r i a n s .  
The GRAM model was g e n e r a t e d  a t  IIASA and  i s  now b e i n g  r u n  
i n  S o f i a .  The models  o f  p o p u l a t i o n  and  m i g r a t i o n  were t e s t e d  
w i t h  r e a l  d a t a ;  f i r s t  r e s u l t s  have  a l s o  been  o b t a i n e d  u s i n g  t h e  
r e g i o n a l  t r a n s p o r t a t i o n  model.  
The t a s k  f o r  t h e  f u t u r e  i s  t w o f o l d :  
1 .  To o b t a i n  r e a l i s t i c  r e s u l t s  f o r  e v e r y  s i n g l e  model 
( t o  c o m p l e t e  t h e  c a l c u l a t i o n s  on GRAM, on t h e  
m i g r a t i o n  and  t r a n s p o r t a t i o n  m o d e l s ) .  
2 .  Fo l lowing  t h e  c o m p l e t i o n  o f  t h e  s e p a r a t e  models ,  
t o  i n c l u d e  t h e s e  i n t o  one  s y s t e m  and  t o  v e r i f y  
t h e i r  p r a c t i c a l  u s e f u l n e s s ;  f i r s t l y  f o r  t h e  
s i m p l i f i e d  example ,  t h e n  f o r  a  f u l l - f l e d g e d  a n a l y s i s  
o f  t h e  S i l i s t r a  c a s e  ( c o m p l e t i o n  d a t e :  1 9 8 1 ) .  
EFFORTS REQUIRED 
The work a t  IIASA o n  t h e  s y s t e m  o f  models  f o r  t h e  S i l i s t r a  
r e g i o n  c o n t r i b u t e d  t o  some e x t e n t  t o  t h e  d e c i s i o n  o f  t h e  B u l g a r i a n  
government  t o  app rove  a  Complex P r o j e c t  f o r  t h e  deve lopment  o f  
t h i s  r e g i o n .  T h i s  P r o j e c t  i n c l u d e s  more a s p e c t s  t h a n  o u r  work 
on t h e  s y s t e m  o f  models :  a  s o c i a l  deve lopment  p r o j e c t ,  a  c u l t u r a l  
p r o j e c t ,  an e d u c a t i o n  p r o j e c t ,  e t c . ,  which makes t h e  work a t  
IIASA on t h e  s y s t e m  o f  models  even  more i m p o r t a n t  and  n e c e s s a r y  
a s  a  p a r t  o f  a  g e n e r a l  s y s t e m  f o r  r e g i o n a l  p l a n n i n g .  
A t  p r e s e n t ,  t h e  work o n t h e  s y s t e m  o f  models  s e r v e s  a s  a  
b a s i s  f o r  t h e  e l a b o r a t i o n  o f  t h e  Complex P r o j e c t .  I n  t h i s  r e s p e c t  
w e  have t o  c o l l a b o r a t e  w i t h  a l m o s t  a l l  o f  t h e  34  s c i e n t i f i c  and  
p r o j e c t  g r o u p s  i n  B u l g a r i a  who work a c c o r d i n g  t o  t h e  a c c e p t e d  
C o o r d i n a t i v e  Program. 
I n  a c c o r d a n c e  w i t h  t h e  j o i n t  work ing  p l a n  w i t h  B u l g a r i a ,  
t h e  f o l l o w i n g  models  a r e  b e i n g  worked on a t  IIASA: G W ,  
p o p u l a t i o n  and m i g r a t i o n ,  i n d u s t r y ,  t r a n s p o r t a t i o n  s y s t e m ,  
w a t e r  r e s o u r c e s ,  and h e a l t h  c a r e  models  and t h e  h i e r a r c h i c a l  
r e g l o n a l  s y s t e m  o f  mode l s ,  d e s c r i b e d  above .  I n  t h i s  work,  o n e  
s c i e n t i s t  w i t h i n  t h e  R e g i o n a l  Development Task i s  f u l l y  engaged  
and  t h r e e  s c i e n t i s t s  are working  on t h e s e  p a r t  t i m e .  S e v e r a l  
s c h o l a r s  f rom o t h e r  g r o u p s  (SDS, HSS) are  a l s o  p a r t i c i p a t i n g  i n  
t h i s  work. 
Takinq  i n t o  a c c o u n t  t h e  c r u c i a l  staqe o f  o u r  work,  where 
more i n t e n s i v e  IIASA p a r t i c i p a t i o n  i s  needed  f o r  t h e  a d j u s t m e n t  
o f  t h e  i n d i v i d u a l  models  to  t h e  s y s t e m  o f  models  ( f o r  t h e  t e s t i n g  
o f  t h e  i n d i v i d u a l  as w e l l  a s  t h e  s y s t e m  o f  mode l s ,  f o r  t h e  
s t r e n g t h e n i n g  o f  t h e  c o o r d i n a t i v e  work w i t h  t h e  B u l g a r i a n  s c i e n -  
t i s t s  i n  B u l g a r i a )  t h e  l e v e l  o f  i nvo lvemen t  i n  1980 s h o u l d  n o t  
d e c r e a s e  f rom t h a t  i n  1979. 
COLLABORATIONS 
W e  work d i r e c t l y  w i t h  t h e  f o l l o w i n g  B u l g a r i a n  i n s t i t u t i o n s :  
1 .  I n s t i t u t e  f o r  S o c i a l  Management ( t h e  c o o r d i n a t i n g  
i n s t i t u t e )  
P i o n e r s k i  P u t  21,  S o f i a .  
2 .  Complex Resea rch  Des ign  I n s t i t u t e  f o r  T e r r i t o r i a l  
Development,  U r b a n i z a t i o n  and A r c h i t e c t u r e  (KNIPITUGA) 
Rakovsky 134,  S o f i a .  
3.  I n s t i t u t e  f o r  Complex T r a n s p o r t a t i o n  Problems 
M i n i s t r y  o f  T r a n s p o r t  
' L e v s k i  9 ,  S o f i a .  
4 .  B u l g a r i a n  Academy o f  S c i e n c e s ,  I n s t i t u t e  f o r  T e c h n i c a l  
C y b e r n e t i c s  
Acad. G .  Bontschev  s t r e e t ,  Block I V ,  V F l o o r ,  S o f i a .  
5 .  S c i e n t i f i c  I n s t i t u t e  f o r  S o c i a l  Hygiene and  H e a l t h  
Ca re  O r g a n i z a t i o n  
D i m i t a r  N e s t r o r o v  s t ree t  1 5 ,  S o f i a .  
6 .  ISA "Agrocomplekt"  o f  t h e  M i n i s t r y  o f  A g r i c u l t u r e  
and  Food I n d u s t r y  
Sof i a .  
7 .  B u l g a r i a n  Academy o f  S c i e n c e s ,  S c i e n t i f i c  C o o r d i n a t i o n  
C e n t e r  f o r  Env i ronmen ta l  P r o t e c t i o n  
G a r g a r i n  s t reet  2 ,  S o f i a .  
8 .  I n s t i t u t e  o f  A g r i c u l t u r e ,  Economy and  O r g a n i z a t i o n  
M i n i s t r y  o f  A g r i c u l t u r e  
S o f i a .  
9 .  Computer I n f o r m a t i o n  C e n t e r ,  M i n i s t r y  o f  A g r i c u l t u r e  
Sof i a .  
10.  S c i e n t i f i c  S e s e a r c h  I n s t i t u t e  f o r  T e r r i t o r i a l  P l a n n i n g  
S t a t e  P l a n n i n g  Committee 
Sof i a  . 
11.  Economic U n i v e r s i t y  " K a r l  Marx",  L a b o r a t o r y  f o r  
Demogaphic I n v e s t i g a t i o n s  
Sof i a .  
12.  S t a t e  P l a n n i n g  Committee 
Sof i a  . 
13 .  Research  I n s t i t u t e  f o r  C o n s t r u c t i o n  
Sof i a .  
1 4 .  I n s t i t u t e  f o r  Water P r o j e c t s  
S o f i a .  
These i n s t i t u t e s ,  j o i n t l y  w i t h  t h e  S i l i s t r a  r e g i o n  a u t h o r i -  
t i e s ,  a r e  r e s p o n s i b l e  f o r  t h e  p r e p a r a t i o n  o f  i n f o r m a t i o n ,  model 
imp lemen ta t ion  and a s s e s s m e n t  o f  r e s u l t s  ( t h i s  i s  done j o i n t l y  
w i t h  t h e  IIASA Reg iona l  Development T a s k ) .  
Our B u l g a r i a n  c o u n t e r p a r t s  depend on t h e  k i n d s  o f  o u t p u t  
w e  produce .  Three  t y p e s  o f  r e s u l t s  a r e  e x p e c t e d :  
-- e d u c a t i o n a l  ; 
-- m e t h o d o l o g i c a l ;  and 
-- q u a l i t a t i v e  and q u a n t i t a t i v e  p o l i c y  recommen 
recommendat ions.  
The f i r s t  t y p e  o f  o u t p u t  i s  r a t h e r  advanced:  a  number o f  
models  were e l a b o r a t e d  a t  IIASA and t r a n s f e r e d  t o  B u l g a r i a  and 
t h e  m e e t i n g  i n  Burgas  (Oc tobe r  1979) w a s  d e v o t e d  t o  t h i s .  One 
o f  t h e  models (water s u p p l y )  w a s  n o t  o n l y  t r a n s f e r e d  t o  B u l g a r i a  
b u t  s p e c i a l  g u i d a n c e  f o r  u s e r s  was a l s o  p r e p a r e d .  
The m e t h o d o l o g i c a l  work is  more i m p o r t a n t  f o r  h i g h  l e v e l  
p o l i c y  makers  i n  B u l g a r i a .  W e  b e l i e v e  t h a t  some o f  o u r  f i n d i n g s  
c o u l d  b e  used  by t h e  f o l l o w i n g  b o d i e s :  
- S t a t e  C o u n c i l  o f  t h e  P e o p l e ' s  Repub l i c  of  B u l g a r i a  
( i n  p a r t i c u l a r ,  t h e  C o u n c i l  o f  Management--Chairman: 
P r o f .  E m i l  C h r i s t o v ) ,  s u p e r v i s i n g  t h e  work on  t h e  
S i l i s t r a  Complex P r o j e c t ;  
- N a t i o n a l  Committee f o r  App l i ed  Sys tems A n a l y s i s  and 
Management (Chairman: P r o f .  David D a v i d o v ) ,  t h e  
main c o o r d i n a t o r  between IIASA and B u l g a r i a ;  d e v e l o p s  
and  a p p r o v e s  t h e  r e s e a r c h  p l a n s  o f  a l l  r e s e a r c h  i n s t i -  
t u t e s  and  a p p r o v e s  t h e i r  b u d g e t s ;  
- S t a t e  P l a n n i n g  Committee (Deputy Chairman: P r o f .  
Na idenov) ;  i n  r e l a t i o n  w i t h  i t s  I n s t i t u t e  f o r  T e r r i -  
t o r i a l  P l a n n i n g  working  d i r e c t l y  on t h e  t e r r i t o r i a l  
d i s t r i b u r i o n  o f  t h e  p r o d u c t i o n  o f  s o c i a l  a c t i v i t i e s ;  
- I n s t i t u t e  f o r  S o c i a l  Management ( D i r e c t o r :  P r o f .  
N i c o l o v ) ,  main c o o r d i n a t i v e  i n s t i t u t e  f o r  a l l  B u l g a r i a n  
r e s e a r c h  and p r o j e c t  i n s t i t u t e s  c o n c e r n i n g  b o t h  t h e  
Complex P r o j e c t  and t h e  s y s t e m  o f  models  f o r  t h e  S i l i s t r a  
S i l i s t r a  r e g i o n .  
The t h i r d  g roup  o f  o u t p u t  ( q u a l i t a t i v e  and q u a n t i t a t i v e  
p o l i c y  recommendat ions)  a r e  v e r y  i m p o r t a n t ,  f i r s t l y  f o r  o u r  
main p a r t n e r  ( t h e  S i l i s t r a  a u t h o r i t y )  : 
- Count ry  P e o p l e ' s  C o u n c i l  o f  t h e  S i l i s t r a  Region 
(Chairman:  D .  M i h a i l o v ) ,  t h e  main u s e r  o f  t h e  
Complex P r o j e c t  and o f  t h e  r e g i o n a l  sys t em o f  
models  p r o v i d e s  a l l  n e c e s s a r y  d a t a .  
At the same time, some of the results can be used by 
separate project institutes (as was the case with the irrigation 
system) or by the State Planning Committee. 
To summarize, it should be noted that our main partner 
on a scientific level is the Institute for Social Management 
and the main user of the results is the People's Council of 
the Silistra Region. 
